Large-scale classical molecular dynamics (CMD) simulations of epitaxial TiN/TiN(001) thin film growth at 1200 K are carried out using incident flux ratios N/Ti = 1, 2, and 4. 
temperature oxidation resistance, [8] [9] [10] electrical conductivity ranging from metallic to semiconducting, [11] [12] [13] [14] optical adsorption which can be tuned across the visible spectrum, 15 and superconductivity. 11, 16, 17 TiNx, which has a wide single-phase field ranging from x = 0.6 to 1.0, 18, 19 is one of the first hard-coating materials and serves as a model system for NaCl-structure TM nitride compounds and alloys. Thus, TiN has been extensively investigated experimentally to probe nucleation, 20, 21 growth, [22] [23] [24] [25] and microstructure evolution. 26, 27 The development of a fundamental understanding of processes governing nanostructural and surface morphological evolution during thin-film growth requires detailed information about the dynamics of adatom transport on surfaces, island nucleation, and the early stages of growth. State-of-the-art atomic-scale experimental techniques, such as scanning tunneling microscopy 22, 23, 28 and low-energy electron microscopy, 29, 30 are unable to resolve picosecond surface dynamics, necessitating the use of complementary computational investigations. System sizes required for film-growth studies are prohibitively large for ab-initio methods such as density functional theory (DFT). This renders classical molecular dynamics (CMD) as the primary computational method to study large-scale film growth dynamics.
In previous CMD studies, dedicated to mass transport on TiN(001) terraces 31 and Here, we use large-scale classical molecular dynamics (CMD) simulations of TiN/TiN(001) epitaxy at 1200 K, carried out using incident flux ratios N/Ti = 1, 2, and 4, to probe stoichiometry, island-size distribution, island-edge orientation, and vacancy formation during early stages of film growth. Overall, our results show that increasing the N/Ti flux ratio yields flatter films whose growth mode, with N/Ti = 2, is closer to layerby-layer and island edge orientations change from mixed 100 and 110 to predominantly 
II. MODELLING
We perform large-scale CMD simulations of TiN/TiN(001) film growth at 1200 K, within the optimal range of TiN(001) epitaxial growth, 13,34 with three incident N/Ti corresponding to an average energy of 2 eV. This is achieved by independently assigning random velocity components in the intervals of -a ≤ vx ≤ a, -a ≤ vy ≤ a, and -2 6 a ≤ vz ≤ -6 a. The value of a is chosen such that the kinetic energy expectation value for Ti and N atoms is 2 eV. An energy of 2 eV corresponds approximately to thermal atoms accelerated by the substrate surface potential. 39 The positions of upper-layer substrate atoms and the deposited atoms are stored every 1000 timesteps (1 ps) in MD videos which are visualized using Visual Molecular Dynamics. 40 We simulate τ = 212. (14) and fourth-layer (4) islands. This is attributed to limited interlayer transport; the low N/Ti flux ratio results in relatively few
III. RESULTS AND DISCUSSION
TiN and TiN2 admolecules, the species which rapidly descend over step edges. 33 The overall film composition is TiN0.65 and the total fractional coverages of the first four cluster. 31 The largest island consists of nearly 4000 atoms, and there are five islands with sizes between 50 and 1000 atoms. 
IV. SUMMARY AND CONCLUSIONS
We 
